INTRODUCTION
The Dabie Shan orogen was formed by collision of the Yangtze block, or the Qinling-Dabie Shan microcontinent, with the North China block along a north-directed subduction zone during the Paleozoic and the early Mesozoic (e.g., Mattauer et al., 1985; Zhang et al., 2001; Liu et al., 2003; Ratschbacher et al., 2006) . The timing of the fi nal collision has been constrained at 244-236 Ma (e.g., Li et al., 1993; Hacker et al., 1998) and ~230-220 Ma (e.g., Ames et al., 1993; Liu et al., 2004) by several radiometric studies (e.g., Hacker et al., 2006; Liu et al., 2006) . The two groups of ages may indicate a succession from the onset of high-pressure (HP)-ultrahigh-pressure (UHP) metamorphism to peak ultrahigh pressure conditions, respectively, during ultradeep subduction Liu et al., 2006) . The occurrence of coesite-and diamond-bearing, ultrahigh-pressure metamorphic rocks (e.g., Okay et al., 1989; Wang et al., 1989; Xu et al., 1992; Zhang et al., 1996; Liou et al., 1997) indicates that crustal rocks of the Yangtze block were subducted to depths of >100 km under the North China block (Liu et al., 2006; Hacker et al., 2006) . The exhumation of the ultrahighpressure metamorphic complex has been primarily constrained by petrologic, structural, and 40 Ar/ 39 Ar thermochronology studies of the complex (e.g., Cong et al., 1995; Hacker et al., 1995 Hacker et al., , 1998 Li et al., 1999b; Hacker et al., 2000; Ratschbacher et al., 2000) . However, this work focused mostly on the study of local ultrahigh-pressure metamorphic rocks and thus needs to be extended in order to reconstruct the exposed bedrock and structural framework of the Dabie Shan orogen during its various stages of exhumation, especially into the Jurassic. Postorogenic erosion has removed many of the supracrustal units, limiting structural reconstructions of this area. However, sedimentation into adjacent foreland basins provides another constraint on the late stages of collisional deformation of the Dabie Shan orogen. Such information adds to our understanding of the evolution of this major continental suture zone.
The exhumation of the UHP metamorphic complex in the Dabie Shan orogen is among the most interesting topics in geosciences because of its relationship with the dynamics of continental lithosphere. Various lines of investigation, including evidence from the provenance of Triassic and Jurassic sedimentary rocks in the Hefei Basin (e.g., Liu et al., 2001a Liu et al., , 2001b Wang et al., 2002b; Li et al., 2005) , the eastern and southern foreland of the Dabie Shan orogen (e.g., Grimmer et al., 2003) , and the SongpanGanzi Basin (e.g., Enkelmann et al., 2007) have suggested similar ages (Late Triassic or Jurassic ) for the exhumation of the UHP rocks. Using the presence of eclogite pebbles in basin sediments, sensitive high-resolution ion microprobe (SHRIMP) dating of zircons, mineral chemistry of white K-micas and garnets, and dating of granite clasts, Wang et al. (2002b) and Li et al. (2005) were able to identify the time at which ultrahigh-pressure metamorphic rocks in the Dabie Shan orogen were fi rst exposed. The abundance of Neoproterozoic zircons in Middle Jurassic sediments suggests that the sediment was mainly derived from the exhumed Yangtze block, which is located within the Dabie Shan orogen. The co-occurrence of detrital high-Si phengites, analyzed using electron microprobe, and Triassic detrital zircons, dated by SHRIMP, provides stratigraphic evidence that the fi rst exposure of the UHP rocks at the Earth's surface in the Dabie Shan orogen occurred in the Early Jurassic during deposition of the Fanghushan Formation (Li et al., 2005) . Li et al. (2005) also briefl y describe spatial variations in the composition of detrital micas and garnets and in the U-Pb ages of detrital zircons. However, little is known about the spatial and temporal patterns of exhumation of the different rock units in the Dabie Shan orogen and their contribution to basin sediments. This paper documents a study of Jurassic sedimentary rocks in the Hefei Basin as they relate to postcollisional erosion of the orogen. Specifi cally, space-time changes within sedimentary sequences are correlated with exhumation events of the UHP and HP metamorphic complex based on detrital provenance analysis, including Nd isotopic and geochemical studies. This has allowed us to identify the distribution and contribution of source terrane lithologies to the Jurassic basin sediments in order to make inferences about exhumation of the Dabie Shan orogen.
GEOLOGICAL FRAMEWORK AND LITHOLOGICAL COMPOSITION OF THE DABIE SHAN OROGEN
The Dabie Shan orogen is linked with the East Qinling orogen across the Nanyang Basin ( Fig. 1A) . The Shangdan suture belt is exposed in the northern Dabie Shan orogen, between Nanyang and Xinyang, along the Xinyang-Shucheng fault (Fig. 1B ) , which was defi ned to be the Erlangping arc-Qinling unit suture by Ratschbacher et al. (2006) . Another suture belt, the Qinling microcontinent-Yangtze craton suture belt, is located along the northern margin of the UHP metamorphic complex in the Dabie Shan orogen (Ratschbacher et al., 2006) . The Xiaotian-Mozitan fault zone reactivated the suture by Cretaceous sinistral strike-slip and normal faulting (Fig. 1B) . The Dabie Shan orogen can be divided into three generalized structural units: the northern Yangtze fold and thrust belt along the southern margin; the North Huaiyang fold and thrust belt along the northern margin; and the axial Dabie Shan metamorphic complex (Liu et al., 2003) , which can be subdivided into the North Dabie Shan core zone (NDC), the ultrahigh-pressure metamorphic (UHP) and the high-pressure metamorphic (HP) zone on the basis of distinct lithologic and metamorphic facies (e.g., Hacker et al., 1998; Wang et al., 1998) (Fig. 1B) . The Hefei and Middle Yangtze foreland basins are developed along the northern and southern margins of the orogen, respectively (Liu et al., 2003) (Figs. 1 and 2) .
The North Huaiyang zone is located on the northern fl ank of the Dabie Shan orogen and is bounded by the sinistral strike-slip and normal Xiaotian-Mozitan fault that places the North Huaiyang adjacent to the North Dabie Shan core zone to the south. The northern boundary of the North Huaiyang zone is covered by Ceno zoic rocks of the Hefei Basin but is presumably the Xinyang-Shucheng fault. So the Hefei Basin is an episutural basin. Crosscutting relationships and age of basin-fi lling deposits demonstrate that the North Huaiyang zone was a long-lived (Triassic-Jurassic) thrust deformation belt but was superposed by several periods of supracrustal extension during the Cretaceous to Tertiary (Liu et al., 2003) (Figs. 2A-2C ). Interpretation of seismic data (Zhao et al., 2000) shows that pervasive reverse faults cut an unconformity between Jurassic and Proterozoic rocks and formed a small-scale imbricate thrust zone in the lowest parts of the Jurassic deposits in the basin. In addition, the basin shows a simple asymmetric geometry consistent with fl exural subsidence, and a basin-bounding fault, the Xinyang-Shucheng fault, shows an older-over-younger relationship indicating reverse motion, although this structure may not have been active during deposition (Fig. 2C) . The eastern part of the North Huaiyang zone is composed of the Late Protero zoic Luzhenguan complex and Devonian Foziling Group, which have undergone greenschist-to amphibolitefacies metamorphism (e.g., Hacker et al., 1998; Anhui Geological Survey, 1999) . Rock complexes in the western part of the North Huaiyang are represented by the Luzhenguan complex, the early Paleozoic Dingyuan Formation, the lower part of the early Paleozoic Guishan Formation, and the upper part of the Devonian Nanwan Formation of the Xinyang Group, as well as the Carboniferous Yangshan Group. The Luzhen guan complex is composed mostly of red meta granite (or granite), granitic gneiss, mica-quartz schist, quartzite, and phyllite (Chen et al., 2003a) , whereas the Dingyuan and Guishan Formations are composed of garnet-bearing mica schist, chlorite schist, and quartzite (Anhui Geological Survey, 1999) , which represent a mélange accumulation that was formed along the Shangdan suture. The Nanwan Formation and Foziling Group as forearc basin sediments, deposited on the Guishan-Dingyuan-Luzhenguan complexes in front of the North China active margin Ratschbacher et al., 2006) , are a turbiditic sequence with rhythmic layers of slate, phyllite, mica-quartz schist, and quartzite , as well as greenschists (Xu and Hao, 1988; Chen and Sang, 1995) . The Yangshan Group is a shallow marine deposit, consisting mostly of sandstones, siltstone, and mudstone (Anhui Geological Survey, 1999) .
The North Dabie Shan core zone includes the Luotian and Yuexi domes that lie in the footwall of the Dabie Shan orogen (Wang et al., 1998; Liu et al., 2004) . The domes have similar lithologic features; they are composed of amphibolite-and granulite-facies felsic gneisses (mainly tonalitic gneisses) (75% of the total area), a supracrustal sequence (24%), and metamafi c-ultramafi c rocks (<1%) (Sang et al., 1997) . The supracrustal sequence is made up of metavolcanic amphibolebiotite gneiss, amphibolite, and a small proportion of marble and magnetite-bearing quartzite (You et al., 1996) . The radial dips of foliation and predominant NW and SE plunges of mineral lineations outline the structural character of both domes (Wang et al., 1998) . Xu et al. (2000) and Liu et al. (2000 Liu et al. ( , 2001 found several fresh eclogite outcrops in the North Dabie Shan core zone and inferred that they were subjected to ultrahigh-pressure metamorphism in the northern Dabie Shan orogen.
The UHP/HP zone in the Dabie Shan orogen can be further differentiated into two subzones with different pressure-temperature (P-T) regimes: a coesite-and diamond-free HP unit in the south, and an UHP unit containing coesiteand diamond-bearing eclogites in the north ( Fig. 1) (Okay, 1993; Carswell et al., 1997; Wang et al., 1998) . The UHP/HP eclogitebearing zone consists chiefl y of amphibolitefacies felsic gneisses (mainly granitic gneisses) with minor amphibolite, garnet-bearing peridotite, jadeite quartzite and marble, low-grade metamorphic basement-cover sequences (including metasediments and metavolcanics), and eclogites (Dong et al., 1996; Liou et al., 1997; Schmid et al., 2003) . Ma et al. (2000) showed that most of the felsic gneisses in the UHP/HP zone have geochemical signatures of Neoproterozoic granites, and many refl ect magmatism in a rift environment. The protolith associations of the basement-cover sequences are compatible with deposition in a rift setting or along a passive continental margin during Neoproterozoic age. Eclogite-facies parageneses in the gneisses and the basementcover units, along with P-T data demonstrate regional UHP metamorphism in the UHP/HP zone (Schmid et al., 2003) .
JURASSIC SEDIMENTARY ROCKS OF THE HEFEI BASIN
Jurassic rocks in the Hefei Basin crop out along the northern fl ank of the Dabie Shan orogen. These rocks are stratigraphically subdivided into the Fanghushan (J 1 ), Yuantongshan (J 2 ), and Zhougongshan (J 3 ) Formations in Feixi County, Anhui Province; the Sanjianpu (J 2 ) and Fenghuangtai Formations (J 3 ) in FZL-2 (D)
Bh 12 E -( ) Bh-9b; 7 (E) BJ93-31; 32 (E) 92H-24 (F) 92HT-1; 3; 8 (F) the Maotanchang-Dushan-Jinzhai area, Anhui Province; and the Zhuji (J 2 ) and Duanji Formations (J 3 ) in the Wumiao-Shangcheng area, Henan Province (Anhui Geological Survey, 1999) (Fig. 3 ).
Fanghushan Formation (J 1 )
The Fanghushan Formation (J 1 ) is only exposed in the Feixi section (FX section in Fig. 3) , where it unconformably overlies Archean rocks of the Huoqiu Group of the North China basement. The Fanghushan Formation is composed mainly of fl uvial deposits, including conglomerate at its base and isolated channel-belt sand bodies distributed among fl ood-plain siltstones in its upper part. The entire Fanghushan Formation is at most 400 m thick.
Zhuji, Sanjianpu, and Yuantongshan Formations (J 2 )
The westernmost section of the Zhuji Formation that we measured is located at Wumiao (WM section) (Figs. 3 and 4) . The Zhuji Formation is ~1100 m thick and is composed of fi ne-to coarse-grained sandstone and pebbly sandstone with some conglomerate and mudstone intervals. This succession consists of a series of basalscoured, upward-fi ning units, each of which begins with 5-15 m of massively bedded, pebbly or coarse-grained sandstone overlain by fi ne-to medium-grained sandstone with poorly developed cross-stratifi cation or planar lamination. Paleocurrent indicators, from cross-bedding orientations, indicate fl ow toward the north (Fig. 3) . Between sand bodies there are intervals of thinbedded mudstone or very fi ne-grained sandstone. This succession is interpreted to record a braided, channel-plain depositional system with some fi ne-grained overbank deposits.
The Sanjianpu Formation, measured along the Liushudian-Dingbachong (LD) section (Figs. 3 and 5) , is ~1850 m thick and consists mostly of debris fl ow and braided stream conglomerates. The lower part of the unit is composed of massive pebble conglomerate with internal scour surfaces. The middle part of the Sanjianpu Formation consists of coarse-to medium-grained sandstone with local conglomerate lenses that are composed of tabular, large-scale, planar cross beds. The upper part of the Sanjianpu Formation is fi ning upward, and is composed of cobble conglomerate at its base that fi nes to granule-rich pebble conglomerate toward the top. Paleocurrent indicators from imbricated gravel and crossstratifi cation show fl ow that is directed toward the present-day north-northeast ( Fig. 3) . To the east of the Liushudian-Dingbachong section, . Qm-monocrystalline quartz; F-plagioclase and potassium feldspar; Lt-total lithic fragments; P-plagioclase; K-potassium. Lithic petrofacies: I-4-felsic fragments; II-2-red granite, metagranite, and granite gneiss; III-quartzites, quartz schists, chlorite schists, and schists; IV-phyllites, granulites, and slates; V-low-grade metamorphic argillites and sandstones (V-1) and reworked sandstone and mudstone clasts; VI-altered rocks and felsic to mafi c metavolcanic rocks. Grain sizes are as follows: F-fi ne sandstone; M-medium sandstone; C-coarse sandstone; G-granule; P-pebble; C-cobble; B-boulder. No.14 03-11-7
03-11-8
No.10 the Sanjianpu Formation in the Dushan (DS) section (Fig. 3 ) is mostly composed of conglomerates with roughly tabular bedding and subrounded to rounded clasts ranging in size from ~5 to 12 cm.
Farther east, the Sanjianpu Formation along the Zhujiacitang-Fenghuangtai section (ZF section) (Figs. 3 and 6) is composed mostly of fi ne-to coarse-grained sandstones with some gravel. Conglomerate with poorly developed horizontal bedding is present in the lowest part of the formation. The upper part of the unit is characterized by vertically stacked, coarseningupward, fi ne-to coarse-grained sand bodies, in which massive bedding and large, gently inclined cross strata are developed. Paleocurrent indicators (cross beds) suggest paleofl ow was to the north-northeast (Fig. 3) . Clear scour surfaces are located at the base of each sand body, and thin, pebble conglomerates are locally present at the bottom of these bodies. The Sanjianpu Formation is interpreted to have been deposited by braided channel systems.
The Yuantongshan Formation conformably overlies the Fanghushan Formation in the Feixi section (FX, Fig. 3 ) and is equivalent to the Sanjianpu and Zhuji Formations in other areas of the Hefei Basin. The Yuantongshan Formation consists of purple-red siltstone, mudstone, and intercalated medium-to fi ne-grained sandstone. The siltstone and mudstone are composed of rippled or horizontal beds, and contain root traces and paleosols at the top of the layers. Clear scour surfaces are located at the base of the sandstones, within which inclined crossbeds are well developed. These deposits are interpreted to represent a fl uvial plain environment with some small lakes (Li et al., 2005) .
Duanji, Fenghuangtai, and Zhougongshan Formations (J 3 )
The Upper Jurassic stratigraphy in the Hefei Basin mostly consists of conglomerate and coarse-grained sandstone. The Zhougongshan Formation in the Feixi area consists of conglomerate, sandstone, and siltstone deposited in a fl uvial setting (Li et al., 2005) . Paleo current indicators, from imbricated gravel and cross-bedding orientations, are toward the northeast (Fig. 3) . The Fenghuangtai Formation is relatively thick, 2400 m in the Liushudian-Dingbachong section in Jinzhai and >1000 m in the Zhujiacitang-Fenghuangtai section in Huoshan, and is composed dominantly of cobble to boulder conglomerate (Figs. 5 and 6). The conglomerate sequence in the Liushudian-Dingbachong section contains units consisting of grain-supported, imbricated clasts within thick beds as well as units of massive, matrix-supported conglomerate. The conglomerate in the Zhujiacitang-Fenghuangtai section is mostly composed of grain-supported, thick, roughly laminated beds with scour surfaces at their base that contain a few thin, lenticular sand bodies. Paleofl ow directions in the LiushudianDingbachong and Zhujiacitang-Fenghuangtai sections, determined from imbricated clasts, are toward the present-day northeast. The Duanji Formation in Wumiao (Fig. 3) , located to the west of Jinzhai, and the Fenghuangtai Formation from Huoshan to Liu'an, located to the west of Maotanchang, consist of fi ning-upward sequences divided by scour surfaces overlain with cobble to pebble conglomerates at the base, and gravel sandstones and medium-to coarsegrained sandstones upward. These units are interpreted to be the deposits of a braided channel plain system. Three big conglomeratic alluvial fans are centered in western Shangcheng, Jinzhai-Dushan, and Maotanchang, respectively ( Fig. 3 ), but the eastern one, in Maotanchang, is mostly covered by Cretaceous strata.
The Hefei Basin sections are interpreted to have formed from alluvial-fan and braidedfl uvial plain sedimentation derived from the Dabie Shan orogen to the south. The entire sequence is up to 6 km thick at the southern edge of the basin. Toward the north the basin fi ll gradually decreases in thickness, maximum grain size, and abundance of mass fl ow deposits.
Depositional Age
The (Li and Jiang, 1997) . Wang et al. (2002a) reported K-Ar ages of 138.2 ± 2.2 Ma, 144.8 ± 2.3 Ma, and 146.5 ± 2.3-146.8 ± 2.3 Ma for samples of trachyte from the top, middle, and lower parts of the Maotanchang Formation, respectively, and K-Ar ages of 147.5 ± 2.3 Ma and 148.8 ± 2.5 Ma for andesite samples from the lower part. Thus, the entire interval shown on Figures 4, 5, and 6 extends from the Middle Jurassic to Late Jurassic in age (Liu et al., 2003) .
DETRITAL COMPOSITION OF BASIN FILL
Facies changes and paleocurrent indicators consistently demonstrate that sediments for the southern marginal alluvial-fan and braidedstream depositional systems in the Hefei Basin were derived from the adjacent Dabie Shan orogen (Fig. 3) . The unroofi ng history of the Dabie Shan orogen as recorded in conglomerate and sandstone compositions of the Hefei Basin provides a useful indicator of orogenic exhumation and erosion. The Dabie Shan orogen is well suited for such analysis because it has a wide range of exposed rock types, and thus detrital grain compositions are good indicators of the sediment source. The detrital compositions in the Hefei Basin represent the rock types, lithic assemblages, and tectonic setting of the Dabie Shan orogen.
Methodology
The Hefei Basin is dominated by abundant conglomerates and some sandstone, thus different techniques were used to identify the compositions of these different grain sizes. Sandstone compositions were determined by counting 500-560 framework grains per thin section. The point-count results, i.e., the modal composition (GSA Data Repository Table DR1 1 ), using the Gazzi-Dickinson method (Ingersoll et al., 1984) , were plotted on Qm-F-Lt and Qm-P-K ternary diagrams to provide insight into the tectonic setting of the source areas ( Fig. 7) and were plotted along side of the measured sections to show the changes in detrital composition with time . Because the Dabie Shan orogen has a wide range of exposed rock types, lithic grain compositions are considered to be the most useful indicator of source area. In order to link rock fragments to specifi c protoliths, we also determined sandstone compositions by traditional point counting (e.g., Indiana method) (Suttner et al., 1985) , in which all grains are counted as their respective rock type, including coarsely crystalline (e.g., individual sand-size crystals within a rock fragment are counted as that rock fragment). We calculated the contents of different fragments and show the results for rock detrital composition (Table DR1 [see footnote 1]), referred to as model content, which typically represents more than 15% of all the grains counted . In areas where conglomerates are abundant, we collected both gravel clast data in the fi eld and sandstones within the conglomerate. Nearly every conglomerate clast in an area of ~2 m 2 was identifi ed, typically 100-180 clasts or more, and sandstones were identifi ed as described above (Table DR1 [footnote 1]).
Ternary Plots for Sandstone Compositional Data
As a whole, the Jurassic sandstones from the Hefei Basin are lithic poor (most <5% Lt) and dominated by quartz and feldspar fragments based on the Gazzi-Dickinson method of point counting. The plots of Qm-F-Lt and Qm-P-K clearly show a continental block provenance for the Jurassic Hefei Basin (Fig. 7) , suggesting a deeply eroded continental basement provenance. The modal data can be divided into three groups, which are found in spatially and stratigraphically disparate parts of the Hefei Basin , based primarily on monocrystalline quartz content. Group 1 samples are composed of 65%-80% quartz fragments and less than 5% lithic fragments in the plot of Qm-F-Lt, and 65%-80% quartz fragments and 2%-25% potassium feldspar fragments in the plot of Qm-P-K. This group most commonly represents samples from the Zhuji Formation in the western part of the Hefei Basin (Wumiao section) and the Sanjianpu Formation in the middle part (Liushudian-Dingbachong section). Group 2 samples are composed of ~50%-65% quartz fragments and less than 5% lithic fragments in the plot of Qm-F-Lt. This group is representative of samples from the Sanjianpu Formation located in the eastern part of the Hefei Basin (Zhujiacitang-Fenghuangtai section). Group 3 samples contain ~30%-50% quartz fragments and less than 10% lithic fragments in the plot of Qm-F-Lt, and 30%-50% quartz fragments and 35%-50% potassium feldspar fragments in the plot of Qm-P-K. This group represents samples from the Fenghuangtai Formation (upper Zhujiacitang-Fenghuangtai section).
As an indicator of compositional maturity, the Qm-F-Lt diagram distinguishes Group 1 samples from those of Groups 2 and 3 that contain less stable minerals and more feldspar, mostly potassium feldspar, as shown in the plot of Qm-P-K. This indicates that Groups 2 and 3, especially Group 3, are derived from source terranes with more granitic rocks. The Sanjianpu Formation in the Liushudian-Dingbachong section contains more potassium feldspar than the Zhuji Formation in the Wumiao section, suggesting that the former was derived from a source with a higher percentage of granite. The modal contents of Groups 1, 2, and 3 (e.g., 2%-25%, 10%-50%, and 35%-50% potassium feldspar fragments in Groups 1, 2, and 3 in the plot of Qm-P-K, respectively) suggests stronger tectonism and more rapid exhumation of the Dabie Shan orogen from the west to the east and from the Middle Jurassic to Late Jurassic. Although almost all samples plot in the continental block provenance in the Dickinson model (Dickinson et al., 1983) , that does not mean that the source area, the Dabie Shan orogen, was a stable craton.
Lithic Petrofacies and Source-Area Analyses
Field study shows that the sediments in the southern Hefei Basin are mostly alluvial fan and braided stream in origin, and their fl ow is directed toward the present-day north-northeast ( Fig. 3) . The Jurassic strata in the basin mostly unconformably overlie the Paleozoic strata and Archean-Proterozoic metamorphic basement at the southern margin of North China block (Fig. 2) . The source area for the sediments in the southern basin is the northern Dabie Shan orogen. The area to the east of the Tanlu fault might supply part of the sediments for the basin, but neither paleocurrent data nor lithic composition support this possibility. Because the source areas in the axial Dabie Shan metamorphic complex and its northern marginal North Huaiyang zone develop different kinds of rocks and some typical lithologies, source-area analysis through detailed comparison between the source rocks and lithic fragments, especially lithic petrofacies, is an effec tive method, although there are some uncertainties due to lithological complexity (Heller and Ryberg, 1983; Hendrix, 2000; Liu et al., 2003) . Percentages of lithic grains, normalized as percentages of the total lithic content, are shown for the Hefei Basin in Table DR1 (footnote 1), and Figures 4, 5, and 6. The samples are expressed as lithic petrofacies (petrofacies in short) consisting of groups of lithic fragments with similar lithologies that are found together, defi ning distinctive provenance terranes. In some measured sections the lithic petrofacies are further classifi ed into some subtypes according to their specifi c lithic types.
The lithic petrofacies and their subtypes are designated with Roman numerals and Arabic numerals, respectively. Petrofacies I is derived from granitic gneiss (Petrofacies I-1), plagiogneiss (Petrofacies I-2), and marble (Petrofacies I-3) source areas exposed along the North Dabie Shan core and UHP/HP zones, as well as from the Late Proterozoic Luzhenguan complex. In addition, felsic fragments are common in many slides. Although it is diffi cult to confi rm their exact origin, they likely derived from the granitoid rocks and gneisses. Here we defi ne them as Petrofacies I-4. Petrofacies II contains white metagranite (Petrofacies II-1), red granite, metagranite, and granite gneiss (Petrofacies II-2), and metadiorite and tonalite (Petrofacies II-3) clasts, in which the red granite, metagranite, and granite gneiss came from the Luzhenguyan Group, and the white metagranite, metadiorite, and tonalite came from the axial Dabie Shan metamorphic complex. Petrofacies III contains quartzites, quartz schists, chlorite schists, and schists. Petrofacies IV contains phyllites, granulites, and slates. Sources to the north of the axial Dabie Shan complex for these two groups include the Luzhenguan complex and Fuziling Group in the east, and the Luzhenguan complex, Guishan, Dingyuan, and Nanwan groups in the west. These two petrofacies also contain a few clasts derived from the North Dabie Shan core and UHP/HP zones. Petrofacies V includes lowgrade metamorphic argillites and sandstones (V-1), and reworked sandstone and mudstone clasts, all of which were derived from the Yangshan Group, and parts of the Nanwan Formation and Foziling Group. Petrofacies VI includes altered rocks and felsic to mafi c metavolcanic rocks, probably derived from arc volcanics in the Dingyuan and Guishan Formations in the North Huaiyang zone (Li et al., 1999a) . Petrofacies VII only contains a small amount of chert clasts in Zhujiacitang-Fenghuangtai (Fig. 6 ) mainly derived from Fuziling Group. Various kinds of lithic petrofacies with distinctive lithic composition at the different parts of the sections (Figs. 4-6 ) are expressed as petrofacies assemblages, which represent the exposed rock types and tectonic setting of the source area in the Dabie Shan orogen during the syndepositional stage. The measured sections in the Hefei Basin are divided into various petrofacies assemblages with boundaries of lithic composition change, which contain different categories or proportions of lithic petrofacies (Figs. 4-6 ).
Zhuji Formation in the Wumiao Section
The modal data of sandstone samples generated by point counting from the Zhuji Formation in the Wumiao section show that the lithic fragments are mainly granite and metagranite (Petrofacies II-2), quartzite and schists (Petrofacies III), phyllite, granulite, and slate (Petrofacies IV), metasandstone (Petrofacies V), altered rock and rhyolite (Petrofacies VI), and felsic fragments (Petrofacies I-4) (Fig. 4) . Felsic fragments, which make up only a small fraction of the total, are mostly composed of quartz and potassium feldspar. Petrofacies II-2, mostly composed of granite and metagranite, is a higher component in places. Clast abundances of Petrofacies III and IV are both low, but those of Petrofacies V and VI are high. Petrofacies I-4 and Petrofacies II-2 were likely derived from the Luzhenguan complex, which contains abundant red metagranites and potassium feldspar. Petrofacies III and IV were mostly derived from the Nanwan, Guishan, and Dingyuan Formations, part of the Luzhenguan complex. Petrofacies V was probably derived from the Yangshan Group and Nanwan Formation. Finally, Petrofacies VI was derived from the Guishan and Dingyuan Formations, which contain some volcanic rocks. This analysis of the lithic portions of the petrofacies shows that sediment in the Zhuji Formation was derived from the Luzhen guan complex, the Nanwan, Guishan, and Dingyuan Formations, and the Yangshan Group in North Huaiyang. The lithic petrofacies for Wumiao section constitute three petrofacies assemblages. The basal rocks, Petrofacies Assemblage 1, mostly contain reworked sedimentary rocks, Petrofacies V (76.4%-83.9%), derived from the Yangshan Group and the Nanwan Formation, the basement cover rocks in North Huaiyang zone. The middle part of the section, Petro facies Assem blage 2, shows an increase in abundance of granite and granitic gneiss (Petrofacies II, mostly 10%-22% or more) and volcanic rocks (Petrofacies VI, 17%-67% in some parts) from the Luzhenguan complex, the basement rocks, and the Dingyuan and Guishan Formations of North Huaiyang zone. Petrofacies Assemblage 3, at the top of the section, shows an increase in content of medium-to low-grade metamorphic source (Petrofacies III and IV, 18.5%-35.9%) and reworked sedimentary rock source (Petrofacies V, 23.8%-59%) (Fig. 4) . The fi rst two petrofacies assemblages approximately record an unroofi ng event from cover strata to Luzhenguan basement, and the third one records a beginning of another unroofing event from cover strata in North Huaiyang.
Sanjianpu and Fenghuangtai Formations in the Liushudian-Dingbachong Section
The modal data generated by point counting and clast counting from sedimentary strata in the Liushudian-Dingbachong section (Table DR1 [footnote 1], Fig. 5 ) show input from six petrofacies sources (Petrofacies I to VI). Liu et al. (2003) suggested that the lithic petro facies for the Liushudian-Dingbachong section record two distinct unroofi ng events, but here we revise the interpretation to include three unroofi ng events which were represented by seven petro facies assemblages with a clear difference of lithic composition and content. Petrofacies Assemblages 1 and 2 correspond to the fi rst unroofi ng event. Petrofacies Assemblage 1 is composed mostly of medium-to low-grade quartz schist, quartzite, chlorite schist, phyllite, and slate rocks (Petro facies III, 15%-92.2%; IV, mostly 21.8%-27%; and V, 7.8%-63.2%) derived from the Foziling Group on the northern fl ank of the orogen. The overlying deposits, which comprise Petrofacies Assemblage 2, also contain mediumto low-grade metamorphic rocks (Petrofacies III, IV, and V) from the Foziling Group but show a marked increase in the abundance of moderately high-grade granitic gneiss and plagio gneiss rocks (Petrofacies I, 40%-61.1%), granite and metadiorite rocks (Petrofacies II, mostly 13%-38.8%) from the orogen core and the Luzhenguan complex. The high-grade plagiogneiss and metadiorite rocks are mostly sourced from the axial Dabie Shan complex. The second unroofi ng sequence is represented by Petrofacies Assemblages 3 and 4. Petrofacies Assemblage 3, located at the top of the Sanjianpu Formation, has an increase in medium-to low-grade metamorphic source rocks (Petrofacies III, 7%-41.7%; VI, 1.7%-38%; V, 6.6%-70%) derived from the Foziling Group. Petro facies Assemblage 4, located at the base of the Fenghuangtai Formation, contains a mixture of compositions transported from all source areas (i.e., polymict) in which basic volcanic detritus (Petrofacies VI, 3.2%-10.2% in some samples) from North Huaiyang is combined with gneiss gravels (Petrofacies I, mostly 8%-42.1%) from a high-grade metamorphic source in the axial Dabie Shan complex. The overlying middle to upper parts of the Fenghuangtai Formation correspond to a third unroofi ng sequence. This part begins with dominantly reworked sandstone and mudstone clasts (Petrofacies V, 81.9%) and low-grade metamorphic phyllites, granulites, and slates (Petrofacies IV, 18.1%) sourced from the Yangshan and Foziling Groups (Petro facies Assemblage 5), and then shifts to a detrital composition composed of abundant medium-to low-grade metamorphic rocks, e.g., quartzites, quartz schists, phyllites, slates, and metamorphic argillites (Petrofacies III, 14%-73.7%; IV, 11.5%-45.3%; V, 10.5%-65.3%) (Petrofacies Assemblage 6), mostly from the Foziling Group. A further shift in detrital composition to an atypical polymict with a lower content of gneiss (Petrofacies I, 0%-10%) and granite (Petrofacies II, 0%-21.1%) and a metabasalt (Petrofacies VI, 0%-15%) (Petrofacies Assemblage 7) transported from the North Huaiyang (or North Dabie Shan core and UHP/HP zones) was observed at the top of the sequence. These three unroofi ng sequences represent three distinct episodes of exhumation, each beginning with unroofi ng of cover strata in the North Huaiyang and then basement rocks in the UHP/HP zone and the Luzhenguan complex, but the upper one is mostly derived from the cover strata in the North Huaiyang.
The fi rst occurrence of relatively high-grade metamorphic rocks (Petrofacies Assemblage 2) as detrital grains in the Sanjianpu Formation in the Liushudian-Dingbachong section indicates that the UHP and HP metamorphic rocks of the Dabie Shan orogen were exhumed and exposed during Middle Jurassic time. This occurrence, along with detrital grains of UHP rocks derived from the Dabie Shan orogen appearing in the Fenghuangtai Formation of the Hefei Basin (Wang et al., 2002b) , indicates that signifi cant unroofi ng of the deep core was complete by Late Jurassic time. The lithic petrofacies including plagiogneiss, metabasalt, and eclogite gravels (UHP rocks) are well developed at the base of the Fenghuangtai Formation in the Dushan section (Fig. 3) , clearly showing that the UHP and HP metamorphic rocks were exhumed at that time. In the upper part of the Fenghuangtai Formation in the Dushan section, the lithic petrofacies abruptly change into quartzite and quartz schist mostly eroded from the Foziling Group, representing a similar lithic composition to that in the Liushudian-Dingbachong section.
The evidence for three unroofi ng cycles in the stratigraphic section suggests that there were at least three episodes of uplift and exhumation in the source area. The rapid transition between source areas of different metamorphic grade may suggest that unroofi ng within each cycle was also related to individual structural events. The major change in depositional style of the basin fi ll in the Hefei Basin (Fig. 5) , indicated by the change from the Sanjianpu Formation coarse sandstone deposits to conglomerates of the Fenghuangtai Formation, is accompanied by a signifi cant change in source-area composition from Petrofacies Assemblage 3 to 4, and represents a prominent period of unroofi ng and deformation. Detailed geologic mapping found that the Fenghuangtai Formation unconformably overlies the Sanjianpu Formation (Liu et al., 2001a; Liu et al., 1995) , providing further evidence that tectonic deformation occurred between deposition of these formations.
Sanjianpu and Fenghuangtai Formations in the Zhujiacitang-Fenghuangtai Section
The modal data generated by point counting for the Sanjianpu Formation and clast counting for the Fenghuangtai Formation reveal the presence of all seven lithic petrofacies (Table  DR1 [footnote 1], Fig. 6 ) derived from the North Dabie Shan core and UHP/HP zones, the Luzhen guan complex, and Foziling Group. The lithic petrofacies in the section are classifi ed into six petrofacies assemblages. Petrofacies Assemblage 1, in the lower part of the San jianpu Formation, has a low content of felsic fragments (I-4, 7.9%-17.6%), consisting of quartz, plagioclase, and sparse potash feldspar, granite and diorite (II, 13.9%-23.4%), and altered rock and rhyolite (VI, 6.1%-7.9%), and a higher abundance of low-grade metamorphic rocks (IV, 17.6%-46.8%; V-1, 23.5%-35.3%). Petrofacies Assemblage 2, in middle part of the Sanjianpu Formation, is characterized by a high percentage of granite and diorite (64.6% at most) or felsic fragments (58.8% at most), which probably represent more sediments derived from the axial Dabie Shan and Luzhen guan complexes. There is an absence of quartzite and schist in Petrofacies Assemblages 1 and 2, which are usually sourced from the North Huaiyang. Petrofacies Assemblage 3, in the upper part of the Sanjianpu Formation, contains all the petrofacies present in Petrofacies Assemblages 1 and 2, as well as Petrofacies III (mostly 3.3%-38.2%), which is composed of quartzite and schist. Petrofacies Assemblage 3 is characterized by a high percentage of low-grade metamorphic lithic rocks (IV, 10.2%-63.6%) and an upward increase of granitic and diorite lithic fragments (II) from 0% to 43.8% and felsic fragments (I-4) from 10.8% to 24.9%, which represent increasing input from the axial Dabie Shan complex and the Luzhenguan complex. Petrofacies Assemblage 4, at the base of the Fenghuangtai Formation, contains a high percentage (16.7%-45%) of plagiogneiss (I-2) and marble (I-3) probably derived from the axial Dabie Shan complex, a moderate percentage of red granitic gneiss and metagranite (II-2, 25%-50%), quartzite and schists (III, 11.1%-27.8%), and volcanic rocks (VI, 5.6%-16.7%) sourced from North Huaiyang. Petrofacies Assemblage 5, at the middle part of the Fenghuangtai Formation, contains a larger percentage of red granite and granitic gneiss (II-2, 33%-50%) that is presumed to have been derived from the Luzhenguan complex, a moderate percentage of quartzite and quartz schist (III, 24.4%-43.8%), sourced from the Foziling Group or the axial Dabie Shan complex, a lower percentage of plagiogneiss (I-2, 0%-22.2%), white granite (II-1, 0%-11.1%), and marble (I-3, 0%-9%) derived mostly from the axial Dabie Shan complex, and a few clasts of basic volcanic rock (VI, 0%-16.7%) whose source is presumed to be North Huaiyang arc volcanics. Petrofacies Assemblage 6, at the top of Zhujiacitang-Fenghuangtai section, is characterized by an increase percentage of plagiogneiss (I-2, 16.7%) and white granite clasts (II-1, 22.2%), which implies more exposure of the axial Dabie Shan complex. The lithic detrital composition indicates that the Luzhenguan complex and Foziling Group in North Huaiyang are the main sources of the detritus. Although the six petrofacies assemblages developed in the Zhujiacitang-Fenghuangtai section were derived from a mixed provenance in which various units in the Dabie Shan orogen were exposed, the unroofi ng cycles, which correspond to the six assemblages, still can be distinguished. The lower four assemblages in the Sanjianpu and the base of the Fenghuangtai Formation display two unroofi ng cycles of the basement rocks in the axial Dabie Shan complex and the Luzhenguan complex. The upper two assemblages in the Fenghuangtai Formation, conglomerate deposited in an environment clearly different from that of the lower Sanjianpu Formation, was mostly shed from the proximal North Huaiyang area, but was derived more from the axial Dabie Shan complex at the top of the ZhujiacitangFenghuangtai section, which probably represents another unroofi ng cycle.
Nd ISOTOPIC CONSTRAINTS ON SOURCES OF BASIN FILL
Sm-Nd isotope studies have been shown to be a powerful tool for investigating source terrains of sedimentary rocks (Faure, 1986; Clauer and Chaudhuri, 1992; Clift et al., 2002) . Nd isotopic composition of the detrital sediments is assumed to result from mechanical mixing between old eroded crust and more recent detrital input (Henry et al., 1997; Clift et al., 2001; Clift et al., 2002) . The goal of the present study is to use Nd isotopes, combined with detrital composition analysis, to verify the evolution of the sedimentary record of the Hefei Basin in order to identify and quantify erosion of the Dabie Shan orogen.
Nd Composition of the Basin Sediments
Details of analytical methods are given in Table DR2 (see footnote 1). The ε Nd values of the sediments and the source rocks were calculated or recalculated by using published age data (t = 176 Ma) for the time at which deposition and erosion began, and T DM (Nd crust residence times) was calculated using present-day ratios ( Nd values, ranging from 0.511829 to 0.511966, in the three sections ( Fig. 4 ; Table DR2 [footnote 1]). These values are clearly distinguishable from those of other sections and they suggest the sediments were derived from different sources. The T DM values of this formation are relatively low, ranging from 1.7 Ga to 2.0 Ga. The Nd isotopic values do not exhibit any clear trends, but they can be conveniently divided into three parts (corresponding to Petrofacies Assemblages 1-3). Petrofacies Assemblage 1, at the base of the formation, is characterized by an upward decrease in T DM from 2.0 to 1.8 Ga and an increase in ε Nd values from -13.3 to -11.3. In Petro facies Assemblage 2, the 147 Sm/ 144 Nd ratios and T DM values vary between 0.1009 and 0.1167, and between 1.7 and 1.9 Ga, respectively, and have an upward increase trend. In Petrofacies Assemblage 3, T DM values increase upward from 1.8 to 1.9 Ga (Fig. 4) . The Nd isotopic values of these sediments indicate one unroofi ng cycle in the lower-middle part and a beginning of another unroofi ng cycle in the upper part in the source terranes, which are similar to the lithic fragment cycles demonstrated by detrital composition analysis, and suggest derivation from reworked sedimentary cover rocks to mediumto low-grade metamorphic rocks with relatively high ε Nd values.
Because the lithic fragments in LiushudianDingbachong section show clear unroofi ng cycles in source areas (Liu et al., 2003 ), here we only tested the Nd composition on three sandstone samples. The samples from the Sanjianpu Formation ( Fig. 5 Nd values from 0.0937 to 0.1024. But it also displays some Nd composition changes, and at Petrofacies Assemblages 4 and 6, for example, values of ε Nd show more negative relative to the others . This suggests two unroofi ng events in the source area in the Sanjianpu and Fenghuangtai Formations. The lower four assemblages (from Petrofacies Assemblages 1-4) record the fi rst unroofi ng process from cover strata in North Huaiyang to the basement in the axial Dabie Shan complex, which is little different from the results of lithic fragment analyses. The second unroofi ng event, in Fenghuangtai Formation, mostly supplies sediment from the medium-to low-grade metamorphic rocks and Luzhenguan granites with relatively high ε Nd values in North Huaiyang. This event is also demonstrated by lithic fragment analyses. The source difference between these two unroofi ng events likely indicates occurrence of a structural event in the early Late Jurassic. Nd ratios (Fig. 8A) shows the general trend of the Nd isotopic composition in the basin sediments and suggests that the different sections have diverse provenances. The diagram indicates that plotted points for each section are relatively centralized, and that the ε Nd values of the sediments for all sections generally decrease from the western Wumiao section to the eastern Zhujiacitang-Fenghuangtai section. The regular variations in the Nd isotopic composition suggest that sediments in each section were derived from a variety of source rocks. Here, we attempt to determine the end-member source rocks for each section (Table DR3 [footnote 1]) and calculate their contribution to the basin sediments.
End Members of Source Rocks and Their Contribution to Basin Filling

Defi nition of End Members of Source Rocks for Each Section
(1) The Zhuji Formation in the Wumiao section is located in the western part of the Hefei Basin. Its possible source rocks in the southern North Huaiyang and axial Dabie Shan complex include the Yangshan Group, the Guishan and Nanwan Formations of the Xinyang Group, the Dingyuan Formation, the Luzhenguan complex, and basement rocks in North Dabie Shan core and the UHP/HP zones. The plot of ε Nd versus 147 Sm/
144
Nd ratios (Fig. 8B) for the Zhuji Formation and the presumed source rocks suggests that at least three end members are needed to explain the range of the data. The clast-count and point-count data suggest three end-member lithologies: (A) argillaceous sandstone of the Yangshan Group; (B) slate, phyllite, and chlorite schist of the Nanwan and Guishan Formations and metavolcanic rocks of the Dingyuan Formation; and (C) granite of the Luzhenguan complex. Nd ratio of 0.111 (Xu et al., 2005) . These values defi ne the upper end member of the plot of the Zhuji Formation sandstones. End-member B has a wider range of ε Nd values (-12.6 to -8.4 ) and 147 Sm/ 144 Nd ratios (0.11-0.19, but mostly 0.11-0.15) because of complex rock compositions Xu et al., 2005) . This end member has an average ε Nd value of -11.0 and an average 147 Sm/ 144 Nd ratio of 0.134, which defi nes the right-hand end member of the data from the Zhuji Formation in Figure 8B . The Luzhenguan complex has a variety of rock types, but granite Nd ratio of 0.095 (Chen et al., 2003a) . These three end members encompass all the data. Two samples (2003-11-19 and 208-14) lie near the boundary defi ned by the end-members B and C, suggesting the possible presence of another end member, which is located below the boundary in Figure 8B . This suggests that metamorphic rocks in the UHP/HP and North Dabie Shan core zone units, which have compositions matching the above condition, might have contributed minor detritus to these sediments.
(2) Point-count and fi eld clast data for the Liushudian-Dingbachong section clearly indicate that the source rocks of the Sanjianpu Formation were high-grade metamorphic rocks from the axial Dabie Shan complex, medium-to low-grade metamorphic rocks from the Foziling Group, and granitic rocks from the Luzhenguan complex, all of which lie south of the section. Here, we test three samples from the middle and upper parts of the Sanjianpu Formation (corresponding to Petrofacies Assemblages 2 and 3), which are shown in the plot of ε Nd versus 147 Sm/
Nd ratios (Fig. 8C) . At least three end members are needed to explain the range of the data. The medium-and low-grade metamorphic rocks, quartz schist, and quartzite in the Foziling Group represent end-member D, which defi nes source rocks with large negative ε Nd values (-14.2 to -11.9) and low 147 Sm/ 144 Nd ratios (0.10-0.12) Xu et al., 2005) . Thus, end-member D has an average ε Nd value of -12.5 and an average 147 Sm/
Nd ratio of 0.114 from published data. The Luzhenguan granite, with lower Sm/Nd ratios and ε Nd values, is taken as the second end member (C).
To account for the high Sm/Nd ratios in Figure  8C , another end member is needed, one with a Nd ratios of 0.14-0.19 and ε Nd values >-18. Gneisses in the UHP/HP zone can be divided into two categories based on their Nd composition: one group has relatively low T DM values of 1.5 Ga to 1.9 Ga, ε Nd values (at 176 Ma) of -11.0 to -7.0 and Sm/Nd ratios of 0.11-0.13; the second group has T DM values of 2.1 Ga to 3.3 Ga, ε Nd values (at 176 Ma) of -22.4 to -12.2 and Sm/Nd ratios of 0.13-0.15 (Li et al., 1993; Xie et al., 1996; Chavagnac and Jahn, 1996; Chen and Jahn, 1998; Ma et al., 2000; Ames et al., 1996; Liou et al., 1997) . The second group probably represents the Yangtze basement in the UHP/HP source terrane (Ma et al., 2000) . The Nd composition of the gneiss (Fig. 8C) clearly shows that the latter, but not the former, fi ts an end-member composition for the sediments in the Liushudian-Dingbachong section. The spread of data in Figure 8C suggests the presence of a third end member (E) characterized by high Sm/Nd ratios and ε Nd values between -17 and -13. This agrees with the observation that the UHP/HP zone constituted a major sediment source in the middle part of Hefei Basin. We propose an end member (E) with an average ε Nd of -14.3 and an average 147 Sm/ 144 Nd ratio of 0.147 based on the exposed UHP/HP units.
The three proposed end members (C, D, and E) can explain the isotopic character of the Middle Jurassic sediments in the central part of the middle Hefei Basin. However, the three samples from this section lie near or on the boundary between end-members C and E, suggesting that the sediment was predominantly derived from the UHP/HP terrane and the Luzhenguan complex. Nd ratios (Fig. 8D) shows that sediments in this section have low Sm/Nd ratios of 0.093-0.107 and very low ε Nd values of -22.0 to -14.6. To account for the range of the data, at least three end members are needed. An abundance of granite and low-to medium-grade metamorphic lithic fragments in the sediments suggests that the Foziling Group and Luzhenguan complex can be end members for this section. Some of the metaigneous rocks (Dong et al., 1996) in the UHP/HP zone have isotopic compositions similar to those of the Luzhenguan complex granites, so this material is added to the granites to form a new end member (C′). The average ε Nd value and Nd ratios. Due to the very low ε Nd values of sedimentary rocks in this section, an end member (F) with a low ε Nd value (<-22) is needed. All rocks in the axial Dabie Shan complex and the North Huaiyang, except high-grade metamorphic rocks in the North Dabie Shan core zone (Xie et al., 1996; Ma et al., 2000; Ge et al., 2001 ) and low-grade metamorphic rocks in the UHP/HP zone, the basement-cover rocks Schmid et al., 2003) (Table DR3 [ Nd ratio of 0.097. (4) Summarizing the above discussion, we recognize six end members in the source area for the three sections. The end-member composition is taken as the average of the published data (Table DR3 [footnote 1]) and is shown in Table 1 . The specifi c end members and their compositions may deviate somewhat from the ones we defi ned, but our selection encompasses the total character and trend of the provenance.
Contribution of End Members to the Basin Sediments
Having characterized the different end members, we can now quantify the erosion of the Dabie Shan orogen by calculating the relative contribution of each end member for different sections and different stratigraphic levels. For our calculations we used the following mixing equations (Faure, 1986) : Nd ratio of end member; and f i is the weight percentage of each end member i, [Nd] i being the mass of Nd in each end member i.
To a fi rst approximation, this equation assumes that the Sm-Nd compositions in the basin sediments result from mechanical mixing between the end-members A, B, C (C′), D, E, and F. The abundance of rock fragments and coarse detrital minerals supports this model (Henry et al., 1997) . Because the sum of f i is equal to 1, we can determine the percentage contribution of three end members by using the 147 Sm/ 144 Nd ratios and ε Nd values, which are independent variables, for almost all samples in the three sections. Weathering and reheating from magmatic activity in the Cretaceous altered some major, trace, and rare earth elements in the sediments, so we do not use these elements to determine the percentages of the end members, but the isotopic character of the sediments should not have been affected. Figure 9 shows the relative contribution of each source area, calculated for each sample in all sections. These results refl ect variations observed in the petrofacies assemblages, the 147 Sm/
144
Nd ratios, and the T DM and ε Nd values of the sediments (Figs. 3-5) , which allow the depositional series to be divided into different cycles, almost the same as Petrofacies Assemblages, in each section. In addition, we can draw several conclusions regarding the erosion of the Dabie Shan orogen during the Middle and Late Jurassic.
(1) In the Zhuji Formation in the Wumiao section, the sources of the sediments were mostly end-members A, B, and C, which suggest that the Paleozoic sedimentary sequence and Late Proterozoic granite in the North Huaiyang were exhumed and eroded. According to variations in the relative proportions of the end members, three parts, which are the three Petrofacies Assemblages, are observed (Fig. 9A) . In the Petrofacies Assemblage 1, the percentage of the end-member C decreases from 49 wt% to 30 wt%, while end-member B remains relatively constant (35.7 wt% to 47.0 wt%), and end-member A increases from 4 to 34 wt%. These variations suggest an increasing contribution from the Yangshan Group, and a decreasing input from the Nanwan, Guishan, and Dingyuan Formations and the Luzhenguan granite, and the sediment sources were mostly from the Paleozoic sedimentary sequence. Petrofacies Assemblage 2 is characterized by a high percentage of end-members C and B between 34 wt% and 60 wt% and 0 wt% and 49 wt%, respectively, and a relatively lower percentage of end-members A between 6 wt% and 43 wt%. This suggests an increase in sediment derived from the Luzhenguan complex and the low-and medium-grade metamorphic clastic and volcanic rocks of the Nanwan, Guishan, and Dingyuan Formations and a decreased contribution from the Yangshan Formation. From Petrofacies Assemblage 1 to 2, an unroofi ng process from the Yangshan reworked sedimentary rocks to the Luzhenguan complex basement is demonstrated by both lithic fragment and Nd composition analyses. Contribution of end-members A, B, and C for Petrofacies Assemblage 3 keeps a similar level to the Petrofacies Assemblage 1, which probably represents the beginning of another unroofing event characterized by the sources mostly from the Paleozoic sedimentary sequence (endmembers A and B).
(2) The sources for the Sanjianpu Formation in the Liushudian-Dingbachong section are quite different from those of its equivalent, the Zhuji Formation in the Wumiao section. Sediments in the Sanjianpu Formation contain detritus derived from the Luzhenguan granite (end-member C), quartz schist and quartzite of the Foziling Group (end-member D), and felsic gneiss and eclogite of the UHP/HP zone (end-member E) (Fig. 9B) . The contribution of end-member E decreases upward from 55 wt% to 37 wt%, and that of end-member C increases upward from 29 wt% to 50 wt%, whereas the content of end-member D remains essentially constant at ~16 wt%. Variations of end-member contributions can be matched with variations of Qt-F-L and Qm-P-K, and lithic composition in Petrofacies Assemblages 2 and 3 (Fig. 5) , suggesting that the end members can be positively correlated with the detrital composition.
(3) The sources of the sediments in the Sanjianpu and Fenghuangtai Formations in the Zhujiacitang-Fenghuangtai section were mainly end-members C′, D, and F, suggesting intensive exhumation and erosion of the axial Dabie Shan complex and the North Huaiyang (Fig. 9C) . The variations observed in clast content, ε Nd values, and T DM (Fig. 6 ) point to six depositional petrofacies assemblages. In Petrofacies Assemblage 1, the lower part of the Sanjianpu Formation, the relative high proportions (49 wt% to 63 wt%) of quartz schist and quartzite (end-member D) suggest that the main sediment source was the Foziling Group in the North Huaiyang. In Petrofacies Assemblages 2, 3, and 4 the contribution of end-member F (basement gneiss in North Dabie Shan core zone and metapelite in the UHP/HP zone) increases from 7 wt% to 59 wt% as the contribution from the Foziling Group (D) decreases from 61 wt% to 5 wt%. The granite and metaigneous rock source (end-member C′) has an average contribution of ~35 wt%. In Petrofacies Assemblages 5 and 6, the most part of Fenghuangtai Formation, the contribution from end-member C′ is very high, increasing from ~52 wt% to 90 wt% at Petrofacies Assemblage 5 and then decreasing to 54 wt% at Petrofacies Assemblage 6, while end-members D and F decrease from 36 wt% to ~7 wt% and from 12 wt% to 3 wt% at Petrofacies Assemblage 5, then increase to 24 wt% and 22 wt% at Petrofacies Assemblage 6, respectively. Variations in the proportions of end-members D, C′, and F agree with those of lithic composition discussed above and Qm, F, and Lt to some extent. The Lt content is probably related to the proportion of end-member D, and Qm and F contents are mostly associated with end-members C′ and F. The lower four petrofacies assemblages in the section clearly demonstrate an unroofi ng event from the cover strata in the North Huaiyang to the basement in the axial Dabie Shan complex in the Middle Jurassic and earliest Late Jurassic, although the lithic fragment analyses represent the two, and the upper two petrofacies assemblages probably suggest another unroofi ng event in the Late Jurassic.
DISCUSSION
Investigations of the space-time variations of the sediment sources for the Hefei Basin are now developed enough to formulate a constrained and testable tectonic model for the exhumation of the axial Dabie Shan complex and North Huaiyang region.
(1) Regional tectonic analysis indicates that the Jurassic contractional deformation in east China is most likely an intraplate response to the northwestward subduction of paleo-Pacifi c plate, the postcollisional shortening along the Qinling-Dabie suture zone, collision of the amalgamated blocks of China with those of Siberia along the Mongol-Okhotsk suture zone, and accretion of crustal blocks in southern China along the Bangong suture (Yin and Nie, 1993; Yin and Nie, 1996; Ratschbacher et al., 2000; Davis et al., 2001; Liu et al., 2007) . Subsequent shortening that continued from Triassic through Jurassic time after the fi nal collision between the North China and Yangtze blocks controlled the evolution of a mountain-basin system in Dabie Shan orogen. The foreland and hinterland of the Dabie Shan orogen thrust southward and northward, respectively, formed the northern Yangtze fold and thrust belt and the North Huaiyang fold and thrust belt, which controlled the formation of the middle Yangtze and the Hefei foreland basins at both sides of the Dabie Shan orogen (Liu et al., 2003) (Figs. 1 and 2 ). . The Middle-Late Jurassic exhumation record in the Hefei Basin started when the now exposed rocks of the axial Dabie Shan complex were already at mid-crustal levels (25 km) (because a subduction-type geothermal gradient of ~10 °C/km must have prevailed after the UHP orogenesis ), and stopped when the present exposure level was at 4-8 kbar depth (an average depth of 20 km) at 150-130 Ma (intrusion depth of most of the Cretaceous plutons) . Therefore the rocks in the Dabie Shan orogen were exhumed by ~5 km thickness during Middle-Late Jurassic (from ca. 180 Ma to 150-130 Ma). Because of Cretaceous transtensional deformation that followed the Jurassic exhumation considered here, the present area of the Dabie Shan orogen has increased . Assuming the area of the Dabie Shan orogen to the east of Xinyang city (Fig. 1A) prior to Cretaceous extension was equal to that of the Hefei Basin, 60% of ~5 km thickness rocks exhumed in the Dabie Shan orogen were transported into the Hefei Basin in which the average thickness of the Middle-Upper Jurassic sedimentary rocks is ~3000 m. Therefore, most of exhumation in the Dabie Shan orogen was driven by tectonic unroofi ng.
(2) The source rocks for the sediments in the Jurassic Hefei Basin in the Dabie Shan orogen mainly include the North Dabie Shan core UHP/HP zones, the Luzhenguan complex, the Dingyuan Formation, the Guishan Formation, the Foziling Group (Nanwan Formation), and the Yangshan Group. One sediment source for the eastern Zhujiacitang-Fenghuangtai section is end-member F. It has the lowest ε Nd value and highest T DM , and is composed of low-grade metamorphic rocks from the UHP unit (e.g., metapelite) and the components of gneiss and granulite from the North Dabie Shan core zone. A study by Schmid et al. (2003) showed that the apparently low-grade metamorphic rocks were affected by UHP metamorphism, and a U-Pb single zircon age of 761 ± 33 Ma for volcanoclastic rocks demonstrates a similar Neo proterozoic age to zircon ages from the gneisses in the UHP unit (e.g., Hacker et al., 1998) . The lowgrade metamorphic rocks, including metapelite, arkosic sandstone, carbonate, and metaigneous rock, as basement-cove sequences, belong to the same UHP terrane as the basement gneiss. End-member F is quite different from the North Dabie Shan core zone metamorphic terrane that has ε Nd values of about -32.4 to -17.0 (t = 176 Ma), T DM values of 2.1-3.1 Ga, and Sm/Nd ratios of 0.082-0.114 (Xie et al., 1996; Ma et al., 2000; Zheng et al., 2000; Ge et al., 2001) , and was not unroofed until the end of the Late Jurassic (Hacker et al., 1998) . The above geological evidence suggests that there is a unit, end-member F, located between the modern UHP and HP metamorphic rocks and the North Dabie Shan core zone high-grade metamorphic rocks in the Jurassic of the Dabie Shan orogen, which is a mix of high-grade and apparently low-grade metamorphic basement-cover rocks. This end member supplied a signifi cant amount of sediment to the Sanjianpu Formation in the ZhujiacitangFenghuangtai section. The high-grade component of the end-member F probably represents the Yangtze basement, the roots of the Dabie Shan orogen (Ma et al., 2000) , and was underthrusted below the UHP/HP zone postcollision.
(3) Provenance analyses of the sediments in the Hefei Basin clearly demonstrate that the depth and rate of exhumation in the axial Dabie Shan complex and the North Huaiyang increases from the west to the east. The provenance for the Hefei Basin changes from the cover rocks in the North Huaiyang to the UHP/HP and the North Dabie Shan core zone metamorphic rocks (probably including the Yangtze basement) eastward. The unroofi ng ages of the UHP and HP metamorphic rocks in the Dabie Shan orogen are progressively younger (from Early Jurassic to Late Jurassic) westward (Fig. 10) .
Study of the Feixi section by Li et al. (2005) shows that the UHP and the HP metamorphic rocks in the eastern part of Dabie Shan orogen were exhumed during the Early Jurassic. Our current study of the Zhujiacitang-Fenghuangtai section shows that the North Dabie Shan core zone metamorphic rocks were fi rst exhumed in the Middle Jurassic, which suggests that UHP and HP metamorphic rocks above the North Dabie Shan core zone in the source area were unroofed before that time. If we choose the deepest subduction age and unroofi ng age of the UHP and HP rocks as 240 Ma and 190 Ma, respectively , and a subduction depth of 125 km, the average rate of exhumation is ~2.5 mm/a.
Provenance the composition of detrital micas in samples from the Zhuji and Duanji Formations (Li et al., 2005) , the exhumation rate would be ~1.4 mm/a. (4) The Jurassic stratigraphy in this foreland basin clearly represents a coarsening-upward sequence and a sharp boundary between the Sanjianpu (Zhuji, Yuantongshan) and Fenghuangtai (Zhougongshan, Duanji) Formations characterized by changes in grain-size, depositional environment, and sediment provenance, in response to backthrusting tectonic activity in the northern part of Dabie Shan orogen (Figs.  2B and 2C ). The composition of lithic petrofacies and the contribution of end members in petrofacies assemblages in the Hefei Basin exhibit both blended clast compositions and inverted clast stratigraphy; the inverted clast stratigraphy represents unroofi ng sequences that we interpret to record individual thrust faulting events in the Dabie Shan orogen (Steidtmann and Schmitt, 1988) .
During the middle and earliest Late Jurassic, the Zhujiacitang-Fenghuangtai area was fi lled with sediments mostly transported from sources within the Foziling Group and Luzhen guan complex and in the gneisses of the Yangtze basement and low-grade metamorphic basement-cover rocks of the UHP/HP zone. The proportion of the latter sediment increases upward from Petrofacies Assemblages 1-4 and demonstrates combination stratigraphy of inverted and blended clast compositions, suggesting that unroofi ng of the upper North Huaiyang preceded uplift of the axial Dabie Shan complex, and the North Dabie Shan core zone (the Yangtze basement) and UHP and HP rocks continuously uplifted and progressively unroofed as compressional thrusting along the northern margin of the Dabie Shan orogen. According to depositional systems developed in the Feixi and Zhujiacitang-Fenghuangtai sections in the eastern part of the Hefei Basin (sandy, braided channel plains), the exhumation rate in the Dabie Shan orogen was low. Rapid unroofi ng is recorded only in the middle part of the Hefei Basin as seen in the Dushan and Liushudian-Dingbachong sections that are mostly composed of conglomerate. The unroofing process in the Liushudian-Dingbachong in middle-earliest Late Jurassic is characterized by two exhumation cycles from the North Huaiyang stratigraphy to the UHP and HP rocks, which exhibit typical inverted clast stratigraphy with blended clast compositions at the tops. The second cycle of unroofi ng continued to the early Late Jurassic, at which time the UHP and HP metamorphic rocks and North Huaiyang stratigraphy driven by thrusting were widely exposed. The western part of the Hefei Basin in the Wumiao section in Middle Jurassic was fi lled by sediments eroded from cover strata to Luzhenguan basement in the North Huaiyang and recording one unroofi ng event and a beginning of another one, implying that the UHP and HP metamorphic rocks were not widely exhumed at this time.
Late Jurassic sediments in the Hefei Basin are mostly boulder and cobble conglomerate deposited by alluvial-fan and braided channel systems. The source rocks for these sediments were mostly from the Luzhenguan complex in the North Huaiyang, although the Yangtze basement in the axial Dabie Shan complex supplied some material to the ZhujiacitangFenghuangtai section with upward increased proportion in the east (Fig. 9) . The source rocks for the Liushudian-Dingbachong section were mostly from the Foziling and Yangshan groups in Petrofacies Assemblages 5 and 6, but highgrade metamorphic rocks were not re-unroofed until the end of the Late Jurassic, which demonstrates well-developed inverted clast stratigraphy (Fig. 5) . There is some indication that the UHP and HP metamorphic rocks in Wumiao section of the western Dabie Shan, the Xinxian area, reached the surface at this time (Li et al., 2005) . Therefore, the North Huaiyang sedimentary rocks and Luzhenguan complex probably supplied most of the detritus for the basin during the Late Jurassic and the North Dabie Shan core zone and the UHP/HP metamorphic zone was reexhumed during the latest Late Jurassic. This suggests that another unroofi ng sequence from the blanket stratigraphy in the North Huaiyang to metamorphic rocks in the North Dabie Shan core and UHP/HP zones was developed along the southern margin of the Hefei Basin, responding to episodic backthrusting event in the hinterland of the orogen. The assumed Late Jurassic backthrust belt was much closer to the southern margin of the present Hefei Basin than the Middle Jurassic basin as the backthrust expanded northward and controlled the deposition of the coarsening-upward Jurassic stratigraphy.
CONCLUSIONS
(1) Jurassic sediments in the Hefei Basin were deposited by braided-fl uvial and alluvialfan systems and are characterized by a coarsening-upward sequence. In the Middle Jurassic , alluvial-fan conglomerate deposits were centered in the middle parts of the Hefei Basin. By Late Jurassic time, alluvial-fan conglomerates were distributed along the entire southern margin of the basin.
(2) Multiproxy provenance analyses demonstrate that the sources of sediment in the Hefei Basin included the mixed lowgrade metamorphic rocks in the UHP/HP and Yangtze basement rocks (end-member F), the UHP/HP metamorphic gneiss and eclogite (endmember E) from the axial Dabie Shan complex, the granite in the Luzhenguan complex (endmembers C and C′), low-and medium-grade metamorphic rocks (end-members B and D), and the Yangshan Group (end-member A) from the North Huiyang area, located along the northern fl ank of the Dabie Shan orogen. The contributions of these end members to the sediments are variable in the section, and represent a mixed provenance between the axial and fl anking parts of the Dabie Shan orogen.
The Middle Jurassic Wumiao section in the western portion of the basin is characterized by relatively high ε Nd values ranging from -13.8 to -11.3, and was derived from end-members A, B, and C (the North Huaiyang area). In the Petrofacies Assemblage 1, the percentage of the endmember C decreases from 49 wt% to 30 wt%, while end-member A increases from 4 wt% to 34 wt%. Petrofacies Assemblage 2 is characterized by a high percentage of end-members C between 34 wt% and 60 wt%, and a relatively lower percentage of end-members A between 6 wt% and 43 wt%. Contribution of end-members A, B, and C for Petrofacies Assemblage 3 keeps a similar level to the Petrofacies Assemblage 1.
The Liushudian-Dingbachong section in the middle part of the basin has the highest 147 Sm/ 144 Nd ratios (0.1168-0.1266) and slightly lower ε Nd values than those of the Wumiao section, indicating that the source rocks are composed of end-members C, D, and E. The contribution of end-member E decreases upward from 55 wt% to 37 wt%, and that of endmember C increases upward from 29 wt% to 50 wt%, whereas the content of end-member D remains approximately constant at ~16 wt%.
The sediments in the Zhujiacitang-Fenghuangtai section of the eastern part of the basin have low ε Nd values, ranging from -22.0 to -14.6, high T DM values from 1.8 and 2.4 Ga, and low 147 Sm/ 144 Nd ratios from 0.0937 and 0.1067, indicating derivation from end-members C′, D, and F. In Petrofacies Assemblages 1, 2, 3, and 4, the contribution of end-member F (basement gneiss in North Dabie Shan core zone and metapelite in the UHP/HP zone) increases from 7 wt% to 59 wt% as the contribution from the Foziling Group (D) decreases from 63 wt% to 5 wt%. In Petrofacies Assemblages 5 and 6, the contribution from end-member C′ is very high, ranging from ~52 wt% to 90 wt%, while end-members D and F are lower, ranging from ~7 wt% to 36 wt% and from 3 wt% to 12 wt% at Petrofacies Assemblage 5, then increase to 24 wt% and 22 wt% at Petrofacies Assemblage 6, respectively.
(3) Sandstone compositions and Nd isotopic analysis of sediments in the Hefei Basin clearly demonstrate that the depth of exhumation in the axial Dabie Shan complex and the North Huaiyang increased from west to east, and the unroofi ng ages of the UHP and HP metamorphic rocks in the Dabie Shan orogen vary from Early Jurassic to Late Jurassic westward. The exhumation rate during the Late Triassic and Jurassic increased eastward from ~1.4 mm/a to ~2.5 mm/a on average.
(4) Unroofi ng of the UHP and HP metamorphic rocks fi rst occurred in the Early Jurassic at the eastern end of the Hefei Basin. During the Middle Jurassic the eastern part of the basin records an unroofi ng process from the early northern marginal thrust to the later Dabie Shan core. The middle part of the Hefei Basin records rapid unroofi ng and several exhumation cycles in the North Huaiyang and the UHP and HP rocks. The western part of the Hefei Basin was fi lled by sediment removed from the blanket stratigraphy and the Luzhenguan complex, before the UHP and HP metamorphic rocks were exhumed. During the Late Jurassic, source rocks for the sediments were mostly composed of the blanket stratigraphy and the Luzhenguan complex in the North Huaiyang, but North Dabie Shan core zone and UHP and HP metamorphic rocks began to supply sediments at the latest Jurassic, which represents another unroofi ng episode.
